Abstract. The aim purpose of this paper is to analyze the efficiency of active filtering equipment use for a large industrial consumer connected to the national power system. Based on data acquisition system the technological process of the consumer is identified and modeled, and then is optimized from energy consumption point of view. The compensation of power factor by reducing the consumption of reactive power and the filtering methods for current harmonics are due by using active filters. The measurements of the power quality parameters with active filter installed, being compared with the ones without filter, confirm the results of research and clearly demonstrate the effectiveness of the implemented solution. To prove the effectiveness of the investment is developed a financial and economic calculation, making a benefit and cost ratio, calculation which clearly proves the profitability of this investment.
INTRODUCTION
The subject of this paper is extremely important, considering the actual conditions when, globally, the world put great emphasis on resource saving and sustainable business development [1] .
Generally speaking the non-linear loads of different industrial companies produce several types of disturbances in the electric network under the form of harmonics, unbalance, flicker, extra-losses etc., defines as non-sinusoidal regime [2] , [3] . In Romania, and not only, to maintain the quality of electrical power is the responsibility of the supplier and the consumer, the latter one having the obligation to fit within the disturbance limits imposed by the standards.
On the electricity market, optimal operating regimes must be conducted in the most efficient manner, thereby helping to maintain the lowest possible prices for electricity delivered to customers and consumers. For optimal operation of the national power system must be pursued mainly, the achievement of a maximum economic efficiency, while respecting and limitations on safety and quality of the power supply of consumers [4] .
In Romania 50% of the amount of electricity generated is supplied to industrial consumers. In these circumstances it is very important, as when a factory is designed, to take into account in addition to the maximum power installed and the ratio between active power and reactive power of receivers to be installed, in order to avoid over or undersize power plants.
As a result of calculated values as well as the examination of the situation in the area of power system in which will be placed the factory, several scenarios regarding the connections to the system and the internal distribution system are considered, after which, depending on the efficiency/price ratio select the most advantageous variant, to be carried out [5] .
In previous paper [6] the authors analyzed the power quality parameters for a large industrial consumer based on data acquisition system. Also the technological process of the factory is modeled by using Matlab procedures and the equipment that pollute are identified. Afterwards in [7] is proposed an active filter equipment for reactive power compensation and harmonics mitigation. The aim purpose of this article is to analysis the energy efficiency and financial profitability of this equipment, and to prove the increasing of the reliability and productivity within the factory.
The paper is organized as follows. Section 2 summarizes the main results of the previous articles of authors. The analysis of energy efficiency and financial profitability is discussed in Section 3. Finally the conclusions are drawn in Section 4.
THE OPTIMIZATION OF THE ENERGY CONSUMPTION
The consumer is a foods factory from Ploiesti, as part of the multinational company Unilever [8] . The industrial consumer chosen for paper is supplied from NES (National Energy System) from a distribution knot with 20 kV voltages, having an installed power transformer station of 2 MVA with an average power consumption of 1.5 MVA. Distribution scheme is a mixed one that includes both, radial schemes and schemes with main lines and bus. From transformer station leaves 4 lines to the general distribution switchboards (GDS), located in different areas of the factory. The GDS are sized differently in terms of installed power, depending on the nature and the power of the receptor that they serve. To compare the performance of the consumer with the requirements of standards and to analyze the parameters, monitoring will be done in detail for the mainline with the largest unbalanced regime, namely number four main distribution line to GDS4, shown in Figure 1 . On the other hand, these specific intervals, describe the various technological processes of the factory, each of them putting their footprint -mainly due to non-linear loads -on the quality of electrical power and on the efficiency of energy consumption. To better understand the way in which the industrial consumer analyzed behaves, the operating characteristic U(I), specific to this consumer, in different operating regimes was modeled [6] . The function U(I) is obtained by removing the variable time of two functions U(t) and I(t), specifics to consumer. To modeling the characteristics of the large industrial consumer polynomial regression function is used. The time variation of voltage between AB phases and of current of phase A is presented in Figure 2 .
For first interval by removing the variable time from the function u(i,t), has been obtained function u(i). This was possible because during the period of the measurements at each time period were recorded simultaneously mean values for voltage and current. Thus, if it was not talking about instantaneous values, the function u(i) becomes U(I). The function U(I) specific to the first interval is represented in Figure 3 and the polynomial approximations from order 1 to order 7 in Table 2 . The use of confidence intervals for coefficients is helpful in evaluating and comparing the resulting curve. The clarity of these coefficients shall be determined by confidence intervals and when they are considerably different then they induce uncertainty. If in some models, the coefficients appear equal zero, then they don't help the evaluation of modeling. For this paper, an interval of confidence of 95% was chosen.
As the next step, for each interval individually, are calculated the statistical parameters (in Table 3 is exemplified for interval 1) of polynomial model evaluation [9] . In this case, the polynomial function most suitable is the one of order 7. Analogue numerical method is used for each technological interval.
Active filter equipment to optimize the power quality
The method by which it tries to optimize energy consumption is based on reactive power compensation and harmonic filtering system on the distribution of the consumer. The object of this research is the bus number 4 ( Figure 2 , red point) of the consumer supply network, which it is the most important from the point of view of the distorted regime, the regime imposed by the type of consumers connected to this bus [7] .
The compensation equipment shall be sized in relation to the level of reactive power and the value of harmonics that should be compensated, but also depending on the current load of receptor or even on the installed power of the respective bus, this where it has also to serve potential new consumers supplied from the line [9] , [10] , [11] .
In collaboration with Electric Schneider, where analyzed all these parameters of this bus of the electrical distribution system, proposing one of active filtering equipment of "AccuSine" series [12] . Based on reasoning method presented in Figure 4 , has been chosen as optimum active filter solution "AccuSine SWP" designed specifically for the consumer, shown in Figure 5 . 
Validation of the obtained results
Due to the fact that the majority of consumers is made up of three phase motors, line monitored is one well balanced from the point of view of the loading on each stage, and where appropriate, monitoring shall be carried out only on one of the phases [13] , [14] , [15] .
To validate the results obtained after the installation of the compensation equipment, the consumer was monitored over a period of four hours before the filters were activated and four hours after the filters were started. Thus, it will be able to make comparisons between the two regimens of consumer, with or without the compensation equipment. The characteristics of the main electrical parameters are compared below. Harmonic spectrum of the network is rendered in Figure 6 in initial condition and in Figure 7 after it has been compensated. Harmonic spectrum above shows that the highest values are of the harmonics 5, 7, 11 and 13. These harmonics are specific to reverse sequence driving with the power electronics in general by the variable frequency drives with static converters in 6 pulses. The strongest improvement took place in the current harmonic of rank 5, this being reduced from 11.63% to 0.78%. For the power factor shown in Figure 8 , reactive power and apparent power were made sets of measurements, where for these parameters were monitored the evolution of them when the filter was started.
Figure 8. Power factor evolution before and after the filter connection
As expected, cosφ was improved from 0.87 to 0.96. It is visible that for a very short period, immediately after activating the filter, cosφ reached 1. This value corresponds to the zero value of the reactive power produced for a short period of time after the activation filter. In conclusion, for a very limited time, the filter has transformed the consumer in a purely resistive one, but due to technical constraints, it could not maintain the same conditions for a longer period.
After comparing of the electrical parameters, result a clear improvement of them, which leads directly to the efficiency of the energy consumption of the consumer.
Comparison of the values of these parameters is presented in Table 4 . By comparing the values summarized in table, it can be concluded that the method of compensation is correct and the equipment used is well chosen. The impact of compensation in the U(I) characteristic is performed by comparing the mathematical models of the consumer for both operating regimes, before and after using the filter. In Figure 9 is shown the characteristics U(I) for the first interval. By comparing the waveform for the two mathematical models, it can be observed that the specific waveform of U(I) characteristic is more linear when filter is using. The polynomial function of 6 degree U(I) and the values of statistical parameters for the first interval when filter is used are presented in Table 5 respectively in Table 6 . 
ENERGY EFFICIENCY AND FINANCIAL CALCULATION FOR ACTIVE FILTER SOLUTION
To analyze the effectiveness of the proposed solution to optimize energy consumption have made records of energy consumption for two months from April-June 2016, which is compared to that recorded in the same period of the previous year. These data are shown in Table  7 , and are represented by the graphics from Figure 10 . According to the data from the table above, after the filter installation, the consumption per ton of finished product (margarine) decreased by 2.7 per KWh, while reporting this economy at the 4987 tons of margarine products in those two months, a massive amount of energy was saved 13464 KWh.
The price of electricity is approximately 350 lei per 1 GW, thus equating in money of those GW 13.64 saved is the sum of 4712 lei for a period of two months.
The total amount of the investment was EUR 17750 and considering at every two months 1045 euro saving, it follows that the period of amortization of the investment will be about 34 months.
CONCLUSIONS
In the last decade the power quality problem went beyond the field of interest of the specialists being regarded as an issue of major concern. Companies depend more and more by electricity for powering critical loads at the same time, however, by increasing the number of loads based on power electronics, the harmonic distortion level increases in the distribution system. Filtration equipment acquires increasing importance for the electricity suppliers and their customers.
Important savings can be obtained through the improvement of the power quality. A mandatory step in providing these benefits is to analyze the requirements of the consumer and which are its limitations. Therefore, the operating regimes have to be understood before to select a certain solution.
The equipment analyzed in this paper improves the electricity usefulness and the business benefits by improving the reliability and productivity of the company, ensuring a better process performance.
